cortical cells contain little or no sudanophil or osmophil lipid or cholesterol (Wexler, 1951; Agate, 1952; Knigge, 1954) . Three zones, glomerulosa, fasciculata and reticularis, are present, but the distinction between fasciculata and reticularis is not always well defined. Holmes (1955) has also described an X zone in females, and in some animals of either sex a zona intermedia between the glomerulosa and fasciculata can be seen (Chesterman, unpublished) . Peczenik (1944) described a zone of vacuolated cells in the zona fasciculata but these vacuoles did not contain stainable lipid. The vacuoles increased in size with sexual maturity. In the breeding season in males the vacuolated zone was seen in the outer layers of the fasciculata but in females most of the cells of the fasciculata were vacuolated. In non-breeding animals the vacuoles were scanty or absent.
In a few senile animals the reticularis and inner layers of the fasciculata were more vacuolated than the outer. Peczenik also described the changes which follow castration and the administration of oestrogens and other hormones for relatively short periods (3-4 weeks). The purpose of the present paper is to describe some adrenal changes which follow treatment with stilboestrol for longer periods (1-15 months). The experiment was planned to study the effects of stilboestrol and methylcholanthrene on the kidneys and prostate. The adrenal changes were an incidental finding.
MATERIAL AND METHODS
Adrenal glands from 94 hamsters were available for study, from five groups: The stilboestrol was administered as a 15 mg. pellet (Implantin, Burroughs Wellcome) which contained 1 per cent magnesium stearate, the remainder being pure stilboestrol. Implants were repeated as necessary-generally at 3-monthly intervals but sometimes longer.
The age range and length of treatment is given in Table I . The glands were fixed in neutral formalin, embedded in paraffin and sections were stained with Ehrlich's haematoxylin and eosin and Bennhold's (1922) Congo red method for amyloid.
RESULTS
There was no appreciable sex difference in the adrenal cortex, nor was vacuolation a marked feature in either males of females ( Fig. 1 ) even in the breeding season. Stilboestrol, however, produced a characteristic change which generally began in the middle zone of the zona fasciculata. This change was similar to that described by Peczenik (1944) and Koneff, Simpson and Evans (1946) , although ultimately more severe. After one month, isolated pale staining cells with finely vacuolated cytoplasm and rather darkly staining nuclei could be seen in the zona fasciculata. After 3 months these cells were much more frequent, and large cells with abundant cytoplasm and large nuclei lay between the cords of the zona fasciculata. In addition a zone in the middle of the fasciculate layer showed nuclear irregularity with variation in shape, size and intensity of staining. The cytoplasm was often eosinophilic. By 6 months the changes were well developed.
The normal trabecular arrangement of the adrenal cells was lost, the cords being replaced by irregular masses of large cells with eosinophil, sometimes coarsely granular, cytoplasm and large irregular nuclei. There were many bizarre and irregular cells. In some the cytoplasm was foamy and finely vacuolated; in others the vacuoles were large (Fig. 2) . The nuclei were sometimes pyknotic and fragmented. This change at first involved only the middle zone of the fasciculata but later affected most of the gland, although as a rule the zona glomerulosa remained intact. The distinction between the zona fasciculata and reticularis was lost.
After about 6 months' treatment degenerative changes appeared in these presumably hyperplastic cells. The cells underwent an eosinophilic coagulative necrosis which at first affected only small groups in the middle of the zona fasciculata ( Fig. 3 and 4) but later involved almost the whole zone and ultimately the whole gland except for the zona glomerulosa, and sometimes a few cells of the outer zona fasciculata (Fig. 5 and 6) . Haemorrhage with rupture of sinusoid walls occurred in these necrotic areas (Fig. 7) , and there seems little doubt that this had followed the necrosis. The latter change in some, but not all, cases occurred about 10-14 days after re-implantation with stilboestrol and generally appeared after 7-12 months' total treatment. A similar type of degeneration involving the reticularis and inner part of the fasciculata ( Fig. 8 and 9 ) was seen in 11 animals. It occurred more frequently in older animals and was often associated with chronic sepsis. The surviving fasciculate cells in these animals were generally normal although the cells next to the degenerate areas often showed nuclear pyknosis. It was not seen in any animals treated with stilboestrol alone (Table II) . Some of the hyaline eosinophil (Chute, Fenton and Sommers, 1954; and others) .] Although small deposits of similar material were also seen in some of the stilboestrol-treated animals, the large degenerate areas in these glands did not as a rule take the stain. Adrenal changes were found in all stilboestrol-treated animals, of either sex treated for more than 1 month except for 4 of 6 males segregated and treated when 3 months old, for periods of 5, 6, 10 and 12 months. The 2 other animals in this group, treated for 8 and 15 months showed slight changes only.
Tumour formation in the Adrenals
In some untreated animals there were small subcapsular areas of nodular hyperplasia apparently arising in the zona glomerulosa, although some of the cells resembled fasciculate cells. In one case there was a definite fibrous capsule around the nodule (Fig. 10) . These changes were seen only in old animals (4 males, aged 18, 24, 24, and 28 months; 1 female, aged 18 months). Woolley (1953) has previously reported small adrenal tumours in untreated or gonadectomised old hamsters.
Stilboestrol-treated animals also showed localised but ill-defined areas of irregular cellular hyperplasia but these nodules arose in the zona fasciculata.
In 2 male animals, however, in addition to the diffuse hyperplasia of the fasciculate cells there were also localised nodules of similar, although rather more irregular, cells (Fig. 11 and 12 ) which formed definite cortical tumours.
In another male animal, aged 22 months at death (treated with stilboestrol, 2 implants in 12 months, and an initial application of 1 mg. methylcholanthrene in jelly to the dorsal prostate) a large tumour, measuring 1.1 cm., in its greatest diameter, was found in the left adrenal (Fig. 13) . There was a narrow rim of zona glomerulosa at one margin but the gland was largely replaced by a tumour made up of solid masses and cords of eosinophil cells in some areas resembling those of the normal adrenal, but in others the cells were more anaplastic. In parts the cells were foamy, and elsewhere small groups were similar to those seen in the inner zones of the adrenal in oestrogen-treated animals. There were areas of degeneration and haemorrhage in the tumour. The other adrenal showed the hyperplastic changes seen in other stilboestrol-treated animals but although some clumps of cells showed marked irregularity, there were no definite tumours. Fig. 8 x 25 ; Fig. 9 (Pincus, 1955) . It is also known (Koneff, Simpson and Evans, 1946) He suggests that the necrosis is produced by overstimulation. Russell and his co-workers (1941) in studies on the toxicity of stilboestrol, reported small areas ofadrenal cortical necrosis in a few rats treated for up to 7 weeks, which they regarded as a toxic change.
Very similar degenerative and haemorrhagic lesions have been described in the adrenal glands of women dying during pregnancy or the puerperium (Crawford, 1951 (1956) and Ayres et al. (1956) have suggested that cortisol is mainly produced in the zona fasciculata, and aldosterone in the zona glomerulosa but in our experiments no attempt was made to estimate hormone excretion nor to estimate adrenal weights. The resemblance of some of the adrenal changes to those seen in Conn's syndrome has already been reported (Franks and Chesterman, 1956) . Furth et al. (1956) have reported adrenal and renal changes resembling those we have seen, in hyperoestrinised rats bearing dependent mammatrophic pituitary tumours and less marked changes in other untreated rats bearing autonomous transplanted tumours of this type. Greene (1939) has also described cortical adrenal changes in rabbits with a high familial incidence of mammary tumours. These tumours were associated with changes in the pituitary and uterus which resembled those produced by oestrogen treatment. The tumour nodules in the adrenals are of interest because this is an unusual result of oestrogen treatment in laboratory animals (Burrows and Horning, 1952) .
Horning and Whittick (1954), however, have described nodular hyperplastic foci in three oestrogen-treated hamsters and mention that Gardner (1947) reported cortical adenomata in oestrogen-treated mice which also developed pituitary tumours after prolonged treatement. Dunning, Curtis and Segaloff (1953) have also reported adrenal tumours in certain inbred ratstrains following treatment with oestrone or diethylstilboestrol. In our series, the 2 old animals with large adrenal tumours had been treated with methylcholanthrene. The structure of these tumours resembled that of the small cortical nodules in old untreated control animals and it is possible that these may have arisen from the cells of the zona glomerulosa. The nodules in animals treated with stilboestrol alone almost certainly developed from the cells of the inner zones of the adrenal.
Another point of note is the absence of oestrogen-induced changes in males treated when young.
SUMMARY
Stilboestrol treatment of golden hamsters is followed by the formation of large irregular, presumably hyperplastic, cells in the zona fasciculata of the adrenal.
The first changes appear in the middle of this zone but later involve the whole of the fasciculata and reticularis. After about 6 months areas of degeneration and haemorrhage may develop in the zona fasciculata, leading in some cases to almost complete destruction of the cortex. This change resembles that sometimes seen in women dying in pregnancy or the early puerperium. Another type of degeneration, involving mainly the zona reticularis, was also seen; this occurred mainly in old animals and was often associated with chronic sepsis and amyloidosis. The stilboestrol-induced changes were seen in breeding animals of either sex but they were very slight or absent in segregated males treated when young (3 months).
In 2 stilboestrol-treated males there were localised tumour nodules arising from the inner zones of the cortex and in two other males, one treated with methylcholanthrene alone and the other with methylcholanthrene and stilboestrol, there were large cortical adrenal tumours. These large tumours resemble small nodules sometimes seen in old untreated animals and may be derived from zona glomerulosa cells.
